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AMENDMENT UNDER 37 C.F.R. § 1.111 
U.S. Application No.: 10/031,408 




1. (Amended) An ink consumption condition detection method for detecting an ink 
consumption condition in an ink container loaded in an ink jet recording apparatus having^ 
recording head for jetting ink drops, wherein said ink consumption condition in said ir 
container is detected using a piezo-electric device having a piezo-electric element ^ring a non- 
recording state of said recording head, 

wherein said piezo-electric device further has a vibrating plate on ojfe side of which said 
piezoelectric element is arranged, and a cavity forming member having cavity which is 
arranged on the other side of said vibrating plate, and 

wherein said vibrating plate can come in contact with sairf liquid in said liquid container 
via said cavity, 



13. (Amended) An ink consumption condition detection method for detecting an ink 
consumption condition in an ink container loaded i^n ink jet recording apparatus having a 
recording head for jetting ink drops, 

wherein said ink consumption condition in said ink container is detected using a piezo- 
electric device having a piezo-electric elepient during a non-recording state of said recording 
head, 

wherein said ink container is^n ink cartridge loaded on a carriage for moving said 
recording head back and forth iiya removable state, 
wherein said method cpmprises: 

a consumption condition detection step of detecting, in a non-recording state of said 
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recording head, said ink consumption condition in said ink cartridge by saj,a piezo-electric 
device, and 

a reconfirming step of redetecting said ink consumption condition in said ink cartridge by 
said piezo-electric device after detection of absence of ink iiysaid ink cartridge by said 
consumption condition detection step; 

wherein said reconfirmation step comprises: 

a carriage moving step of moving said cajfiage after absence of ink in said ink cartridge 
is detected by said consumption condition detection step, and 

a consumption condition redetection step of redetecting said ink consumption condition 
in said ink cartridge in a predeterminedniming; 

wherein said carriage moving step moves said carriage at a faster speed than a speed for 
moving said carriage during a reprding operation. 



14. (Amended) An/nk consumption condition detection method for detecting an ink 
consumption condition m an ink container loaded in an ink jet recording apparatus having a 
recording head for jepng ink drops, 

wherein sa^ ink consumption condition in said ink container is detected using a piezo- 
electric device braving a piezo-electric element during a non-recording state of said recording 
head, / 

wh^erein said ink container is an ink cartridge loaded on a carriage for moving said 
recording head back and forth in a removable state. 
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wherein said method comprises: X 
a consumption condition detection step of detecting, in a non-recprding state of said 
recording head, said ink consumption condition in said ink cartridge^y said piezo-electric 
device, and / 

a reconfirming step of redetecting said ink consun^non condition in said ink cartridge by 
said piezo-electric device after detection of absence opmk in said ink cartridge by said 
consumption condition detection step; / 
wherein said reconfirmation step comOTlses: 

a carriage moving step of moving safd carriage after absence of ink in said ink cartridge 
is detected by said consumption conditio detection step, and 

a consumption condition rede^ction step of redetecting said ink consumption condition 
in said ink cartridge in a predeteijnined timing; 

Pn to said ink cartridge during moving said carriage by said 
:onsumption condition detection method for detecting an ink 
k container loaded in an ink jet recording apparatus having a 
rops, 
nption condition in said ink container is detected using a piezo- 
electric element during a non-recording state of said recording 
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wherein said ink container is an ink cartridge loaded on a carria^ for moving said 
recordinq head back and forth in a removable state, / 
wherein said method comprises: / 

a consumption condition detection step of detectinfomi a non-recording state of said 
recording head, said ink consumption condition in said ink cartridge by said piezo-electric 
device, and / 

a reconfirming step of redetecting said in^consumption condition in said ink cartridge by 
said piezo-electric device after detection of absence of ink in said ink cartridge by said 
consumption condition detection step; / 

wherein said reconfirmation steg^omprises: 

a carriage moving step of mo\ang said carriage after absence of ink in said ink cartridge 
is detected by said consumption ccindition detection step, and 

a consumption conditio|r redetection step of redetecting said ink consumption condition 
in said ink cartridge in a predetermined timing; 

wherein said consumption condition redetection step is executed when a predetermined 
time passes after said carriage moving step ends. 

16, (Amended) Au ink consumption condition detection method for detecting an ink 
consumption condition in an ink container loaded in an ink jet recording apparatus having a 
recording headf for jetting ink drops, 

wher/in said ink consumption condition in said ink container is detected using a piezo- 
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electric device having a piezo-electric element during a non-recordj^fg state of said recording 
head, 

wherein said ink container is an ink cartridge load^^ on a carriage for moving said 
recording head back and forth in a removable state, 
wherein said method comprises: 

a consumption condition detection step^f detecting, in a non-recording state of said 
recording head, said ink consumption condi^6n in said ink cartridge by said piezo-electric 
device, and 

a reconfirming step of redetectmg said ink consumption condition in said ink cartridge by 
said piezo-electric device after deteoiion of absence of ink in said ink cartridge by said 
consumption condition detection /tep; 

wherein said reconfirmation step comprises: 

a carriage moving stop of moving said carriage after absence of ink in said ink cartridge 
is detected by said consumption condition detection step, and 

a consumption c/ndition redetection step of redetecting said ink consumption condition 
in said ink cartridge ijr a predetermined timing; 

wherein saia consumption condition redetection step is executed during moving said 
carriage by said cirriage moving step. 



19. (Amended) An ink consumption condition detection method for detecting an ink 
consumption condition in an ink container loaded in an ink jet recording apparatus having a 
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recording head for jetting ink drops, 

wherein said ink consumption condition in said ink esontainer is detected using a piezo- 
electric device having a piezo-electric element during a/non-recording state of said recording 
head, 

wherein said ink container is an ink cart^dge loaded on a carriage for moving said 
recordinq head back and forth in a removal^ state, 
wherein said method comprises: 

a consumption condition detection step of detecting, in a non-recording state of said 
recording head, said ink consumpt^n condition in said ink cartridge by said piezo-electric 
device, and 

a reconfirming step of redetecting said ink consumption condition in said ink cartridge by 
said piezo-electric device affter detection of absence of ink in said ink cartridge by said 
consumption condition detection step; 

wherein said rjrconfirmation step comprises: 

a carriage m/ving step of moving said carriage after absence of ink in said ink cartridge 
is detected by saidf consumption condition detection step, and 

a consumption condition redetection step of redetecting said ink consumption condition 
in said ink camidge in a predetermined timing; 

wher/in said reconfirmation step is executed several times during moving said carriage 
by said carnage moving step, and presence or absence of ink in said ink cartridge is decided on 
the basis of detection results of said reconfirmation steps. ^ . 
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33. (Amended) An ink consumption condition detection oiethod for detecting an ink 
consumption condition in an ink container loaded in an ink jet recording apparatus having a 
recording head for jetting ink drops, wherein said ink consumption condition in said ink 
container is detected using a piezo-electric device havii^a piezo-electric element during a non- 
recording state of said recording head, 

wherein said piezo-electric device has a ^bration part including said piezo-electric 
element, and 

wherein said piezo-electric device ifteasures a periodic peak value of a waveform of 
counter electromotive force generated by residual vibration remaining in said vibration part by a 
predetermined number of said perio^c peak values from a predetermined point of time, and said 
piezo-electric device measures mcfre number of said periodic peak values than said 
predetermined number of said Periodic peak values in subsequent detection of said ink 
consumption condition, and tnereby detects said ink cojisumption condition. 



46. (Amended) /n ink jet recording apparatus comprising: 

a recording hesfd configured to jet ink drops; 

an ink cartri^e configured to feed ink to said recording head; 

a piezo-eloctric device having a piezo-electric element configured to detect an ink 
consumption co/dition in said ink cartridge, said piezo-electric device further having a vibrating 
plate on one srae of which said piezo-electric element is arranged, and a cavity forming member 
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having a cavity which is arranged on the other side of said vibratin^Iate, said vibrating plate 
being able to come in contact with said liquid in said liquid container via said cavity; and 

a control unit for controlling said piezo-electric device^o as to detect said ink 
consumption condition when said recording head is in a iy>n-recording state. 




49. (Once Amended) An ink jet recording apparatus according to claim 46, further 
comprising a storage unit for storing said ink copumption condition in said ink cartridge which 
is detected by said piezo-electric device. 



54. (Amended) An ink jet recordpig apparatus comprising: 

a recording head configured tyjet ink drops; 

an ink cartridge configured fo feed ink to said recording head; 

a piezo-electric device deleting an ink consumption condition in said ink cartridge; 

a control unit for controlling said piezo-electric device so as to detect said ink 
consumption condition whenfsaid recording head is in a non-recording state; and 

a carriage moving /ith said recording head and said ink cartridge both of which are 
loaded on said carriage, 

wherein said control unit controls said piezo-electric device so as to redetect said ink 
consumption condition in said ink cartridge after said piezo-electric device detects absence of ink 
in said ink cartridge when said recording head is in a non-recording state, and 

wherein said control unit moves said carriage after detection of absence of ink in said ink 
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cartridge by said piezo-electric device and controls said piezo-electric^vice so as to redetect 
said ink consumption condition in said ink cartridge in a predetermined timing, 

said apparatus further comprising a shock unit configug^ to give a shock to said ink 
cartridge during movement of said carriage. 

Please add the folloM^ing new claims: 

55. (New) An ink jet recording apparatjjfl according to claim 49, wherein said storage 
unit is mounted on said piezo-electric device 

56. (New) An ink jet recordiri| apparatus comprising: 
a recording head for jetting irik drops; 
an ink cartridge for fctdim ink to said recording head; 

a piezo-electric devic^or detecting an ink consumption condition in said ink cartridge; 

and 

a control unit for/ontrolling said piezo-electric device so as to detect said ink 
consumption conditio/when said recording head is in a non-recording state, 

wherein sai^^iezo-electric device has a piezo-electric element mounted on the outside of 
said ink cartridge^ 



57, (lyew) An ink detection method for detecting an ink consumption condition in an ink 
container l/aded in an Inkjet recording apparatus having a recording head for jetting ink drops, 
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whierein said ink consumption condition in said ink container is detej^ed using a piezo- 
electric device having a piezo-electric element during a non-recording s^e of said recording 
head, 

wherein said piezo-electric device has a vibration part including said piezo-electric 
element, 

wherein said piezo-electric device measures a peri&dic peak value of a waveform of 
counter electromotive force generated by a residual vibration remaining in said vibration part by 
a predetermined number of said periodic peak vali^s from a predetermined point of time, and 
said piezo-electric device measures more number of said periodic peak values than said 
predetermined number of said periodic peak ^lues in subsequent detection of said ink 
consumption condition and thereby detects^aid ink consumption condition, and 

wherein said ink consumption condition in said ink container is detected using said piezo- 
electric device during maintenance on|eration for cleaning out ink in said recording head. 



58. (New) An ink consumption condition detection method, comprising: 
detecting an ink consuiM)tion condition in an ink container loaded in an Inkjet recording 
apparatus having a recording^ead for jetting ink drops, 

wherein said ink cdnsumption condition in said ink container is detected using a piezo- 
electric device having a /iezo-electric element during a non-recording state of said recording 
head, 

wherein saidAiezo-electric device has a vibration part including said piezo-electric 
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element, 

wherein said piezo-electric device measures a periodic peak vSlue of a waveform of 
counter electromotive force generated by residual vibration rernaining in said vibration part by a 
predetermined number of said periodic peak values from a nrcdetermined point of time, and said 
piezo-electric device measures more number of said periodic peak values than said 
predetermined number of said periodic peak values kff subsequent detection of said ink 
consumption condition, and thereby detects said ink consumption condition,, 

storing information of said ink consunifption condition in said ink container detected by 
said piezo-electric device in a storage unit/iounted on said ink container, 

reading said information of saic^nk consumption condition stored in said storage unit, 

and 

judging whether a detectiofi of said ink consumption condition in said ink container 
should be executed or not on tl^e basis of said read information of said ink consumption 
condition. 

59 (New) An inlf jet recording apparatus comprising: 
a recording he/d for jetting ink drops; 
an ink cartridge for feeding ink to said recording head; 

piezo-elecjnc device for detecting an ink consumption condition in said ink cartridge; and 
a controliunit for controlling said piezo-electric device so as to detect said ink 
consumption condition when said recording head is in a non-recording state. 
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wherein said piezo-electric device has a vibration part including a pie^electric element, 
and X 

wherein said piezo-electric device measures a periodic peal^^lues of a waveform of 
counter electromotive force generated by residual vibration rerafaining in said vibration part by a 
predetermined number of said periodic peak values from a^redetermined point of time, and said 
piezo-electric device measures more number of said penodic peak values than said 
predetermined number of said periodic peak valuesnn subsequent detection of said ink 
consumption condition, and thereby detects sai^ink consumption condition, and 

a storage unit for storing said ink comumption condition in said ink cartridge which is 
detected by said piezo-electric device. / 

60. (New) An ink jet recor^ng apparatus according to claim 59, wherein said storage unit 
is mounted on said ink cartridgesf 

61. (New) An ink Consumption detection method according to claim 12 wherein a shock 
is given to said ink carpdge during moving said cartridge by said carriage moving step. 

62. (New^n ink jet recording apparatus according to claim 53, further comprising a 
shock unit confifgured to give a shock to said ink cartridge during movement of said carriage. 

63/New) An ink consumption condition method for detecting an ink consumption 
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condition in an ink container loade^^ii an ink jet recording apparatus having a recording head for 
jetting ink drops, 

wherein said ink c^sumption condition in said ink container is detected using a piezo- 
electric device having piezo-electric element during a non-recording state of said recording 
head, 

wherei?! said ink consumption condition in said ink container is detected using said piezo- 
electric dp^ice during a maintenance operation for cleaning out ink in said recording head. 
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